Relative dispersion analysis enhances perimetric sensitivity  by Frisén, Lars & Rossitti, Sandro
Pergamon 
0042-6989(95)00127-1 
Vision Res, Vol. 36, No. 3, pp. 491 497, 1996 
Copyright 1996 Elsevier Science Ltd 
Printed in Great Britain. All rights reserved 
0042-6989/96 $15.00 + 0.00 
Relative Dispersion Analysis Enhances 
Perimetric Sensitivity 
LARS FRISEN,*t SANDRO ROSSITTI* 
Received 12 September 1994; in ret,ised form 29 November 1994, in final form 7 April 1995 
Objective identification of minor visual field defects is problematic. A possible solution is to examine 
spatial correlations by means of relative dispersion analysis, a tool of fractal analysis. We studied 
patients with glaucoma, previous optic neuritis, chiasmal compression and lesions of the brain 
hemispheres, using high-pass resolution perimetry. One-hundred visual field records were drawn 
consecutively for each category and ranked according to severity of defects. Records with scores ranking 
below the 35th percentile, i.e. those with the smallest field defects, were analysed. Relative dispersion 
analysis recognized 1.3-2.4 times more abnormal subjects than did pattern standard deviation. A 
previously described form index was intermediate in sensitivity. Specificity was 96%. Relative dispersion 
analysis appears to capture a novel aspect of visual field abnormality, with good sensitivity and 
specificity. The analysis is easily performed. 
Perimetry Visual fields Relative dispersion analysis 
INTRODUCTION 
One of the most difficult problems in the evaluation of 
visual fields is to identify small degrees of abnormality. 
Standard indices like global or local deviations from 
average normal [e.g. ~mean deviation' and 'pattern 
standard eviation' (Hammer, 1986; Heijl, Lindgren & 
Olsson, 1987)] often fail to reflect clusters of marginally 
elevated thresholds discernible to the trained eye. 
Unfortunately, training and consistency of evaluation 
varies considerably between examiners (Werner, Bishop, 
Koelle, Douglas, LeBlanc, Mills, Schwartz, Whalen 
& Wilensky, 1988). Numerous techniques have been 
developed for cluster analysis, particularly for glaucoma 
(Chauhan, Drance & Lai, 1989; Katz, Sommer, 
Gaasterland & Anderson, 1991; ,~sman & Heijl, 1993; 
Fankhauser, Fankhauser & Giger, 1993 and others). 
Their capacity to detect small-degree abnormality is 
usually limited by pre-set limits. For example, a cluster 
might be defined as an aggregate oftwo or more adjacent 
field locations where thresholds differ 5 dB or more from 
average normal. Obviously, such criteria will prevent 
detection of preceding stages of damage, where threshold 
changes are smaller and adjacency may be lacking. 
Another approach is to use so-called third moment 
statistics, which are sensitive to outlier observations, 
irrespective of their locations in the field (Brechner & 
Whalen, 1984). Practical experience is limited but suggests 
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wanting sensitivity and reproducibility (Pearson, Baldwin 
& Smith, 1989). Bebie (1985) has proposed an analysis of 
spatial correlations but practical experience seems to be 
lacking. 
We report here on a new analytic approach, which does 
not involve pre-set limits. Relative dispersion analysis, a
mathematical tool often used in the field of fractal 
analysis, can illuminate spatial correlations across the 
visual field, on several scales. Results are summarized in
a single index, which can range between 1 (perfect, 
positive correlation between test locations), through 1.5 
(totally random correlation), to 2 (perfect, negative 
correlation) (Glenny, Robertson, Yamashiro and 
Basingthwaighte, 1991). 
We applied relative dispersion analysis to visual fields 
from normal subjects and from patients with small-degree 
field damage from representative types of lesions. The 
latter comprised glaucoma, resolved acute demyelinating 
optic neuropathy ('optic neuritis'), and chiasmal and 
posterior visual pathway lesions. For each diagnosis, 100 
sequential cases were retrieved from a clinical database. 
Each group presented a wide spectrum of field defects, 
ranging from none to very severe. Records were ranked 
according to mean, age-adjusted visual field scores. For 
the present purposes, small-degree abnormality was 
arbitrarily defined as a score ranking below the 35th 
percentile. These records were subjected to relative 
dispersion analysis. Results were compared with those of 
conventional nalyses. 
We used high-pass resolution perimetry (HRP), inter 
alia, because of its relatively small variability and short 
test duration. HRP results are qualitatively closely similar 
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to those of conventional perimetry; sensitivity and 
specificity are also closely comparable (see Fris6n, 1993a 
for a review). 
SUBJECTS AND METHODS 
Subjects and diagnoses 
Visual field records were drawn retrospectively from 
the local HRP (HighTech Vision, G6teborg, Sweden) 
clinical database. Records were reviewed in order of 
acquisition. Once a subject was encountered who met the 
criteria of one and only one of the diagnoses detailed 
below, his or her visual field records were retrieved. One 
record was selected as described below, and was listed 
under the appropriate diagnosis. This was continued until 
100 consecutive r cords were collected for each diagnosis. 
Each subject contributed one record only. No limits were 
set for acuity or ametropia, nor for reliability of 
performance. 
The 100 records under each diagnosis were ranked 
according to their age-adjusted, mean decibel scores (in 
HRP normal fields are associated with low scores and vice 
versa). Records ranking below the 35th percentile were 
selected for further analysis. Some of these were 
presumably completely normal. A vast majority of 
subjects were perimetrically experienced. 
Glaucoma was diagnosed using conventional criteria 
for chronic, open-angle disease (optic disk, intraocular 
pressure and/or visual field abnormality). All patients 
studied here received topical medication. Some had a 
diagnosis of unilateral disease. In these cases the 
contralateral eye has a high likelihood of subclinical 
involvement (inter alia a low-degree visual field defect), so 
this eye was selected for analysis. Otherwise, one eye was 
selected randomly. Some patients also had minor degrees 
of cataract. 
Previous optic neuritis was diagnosed in subjects aged 
15-50 yr, who had suffered an episode of unilateral visual 
loss associated with an afferent pupillary defect, with a 
duration of at least 1 week, and who showed a substantial 
recovery. This group comprised only 74 eligible subjects. 
The involved eye was studied. 
Pituitary adenoma is commonly associated with 
chiasmal involvement. Because any visual field defects 
usually are less pronounced after surgery, only post- 
operative records were eligible. Subdivision among the 
various chiasmal syndromes was not done. One eye was 
selected at random. 
Posterior cerebral hemisphere lesions often damage 
the posterior visual pathways, producing homonymous 
visual field defects. Perimetry was done nearly exclusively 
in subjects who lacked major field defects on clinical 
examination. This guarantees under-representation of 
easily diagnosed, absolute homonymous visual field 
defects whereas normal visual fields are likely to be richly 
represented. One eye was selected at random. 
Normal subjects were drawn from the normal HRP 
database, which comprises 215 subjects, with 30 subjects 
per decade in the 10-80 yr age range. One-hundred 
records were drawn at random, with the constraint that 
age distribution must remain unchanged. The remaining 
records were used to estimate specificity. These subjects 
were all perimetrically naive. 
Analytical procedures 
Relative dispersion analysis requires that the data set is 
ordered in a fixed sequence. Lacking an inherently natural 
way to order visual field observations, we used the simple 
solution of listing test locations in order of ascending 
average normal threshold levels. This sequence was 
defined by analysis of the full set of normal visual fields, 
expressing thresholds in min arc (Fig. 1). In a visual field 
map this sequence defines a roughly spiral-shaped curve. 
The last few observations were pooled to reduce the 
original 50 observations to 48, to facilitate the ensuing 
recursive pairing. When ordered in the same, fixed 
sequence, observations from a normal field should now 
show a smoothly rising series of values, with superposed 
oscillations of small magnitude. An abnormal record, on 
the other hand, should deviate from the normal pattern 
by showing either a different trend, or larger oscillations 
grouped according to the topography of the field defect, 
or both (Fig. 2). 
Relative dispersion analysis began with calculation of 
the mean and the SD across the 48 ordered observations 
(see Glenny et al., 1991 for fully worked out examples). 
In a second step, thresholds were averaged pair-wise, 
contracting the original series to 24 units. Mean and SD 
were calculated again. Recursive pairing to double the 
interval ength and calculations of means and SDs were 
repeated until the original series was contracted to three 
units, resulting in five (identical) means and five SDs. 
Each SD was divided by the mean, and multiplied by 100, 
to produce a coefficient of variation (CV). Each CV was 
then plotted against he corresponding interval ength 
(1, 2, 4, 8 and 16 units), on logarithmic scales (Fig. 2). 
Finally, the correlation coefficient and a least-squares 
linear regression were calculated. The regression 
coefficient, subtracted from 1, defines the so-called Fractal 
Dimension (Glenny et al., 1991). For reasons given below, 
it will be termed Dispersion Index here. 
Global and local deviations were calculated by the 
perimeter's software according to Heijl et al. (1987), on 
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FIGURE 1. Average normal high-pass resolution thresholds (in 
min arc) across the central visual field, plotted in right-eye format. 
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FIGU RE 2. Relative dispersion analysis of visual field records from a normal subject (top panels) and a patient with glaucoma. 
Left panels show observed thresholds (in minutes arc) plotted in a fixed sequence. Right panels show coefficients of variation 
plotted against successive stages of recursive pairings, and least squares linear regression, on lo~log scales. Inset: Dispersion 
Index and correlation coefficient. 
the basis of age-adjusted decibel scores. Another two 
statistics were also provided automatically, namely a 
Form Index and Neural Capacity. The former assesses the 
shape of the threshold surface on the basis of an extended 
isopter concept (Fris6n, 1989), and the latter provides an 
age-adjusted estimate of the functional fraction of 
retino-cortical neural channels (Fris6n, 1993b). Normal 
limits are <1.34 dB, <0.93 dB, >0.57 and > 64% 
respectively. 
Statistical analyses used Systat v. 5.01 (Systat Inc, 
Evanston, Ill.); P < 0.05 was considered statistically 
significant. 
RESULTS 
Examples of ordered threshold and relative dispersion 
plots are shown in Fig. 2 for a normal subject and for a 
patient with glaucoma. The Dispersion Index ranged 
between 0.971 and 1.161 for the 108 normal subjects, with 
a median value of 1.054, indicating a strong positive 
spatial correlation. There were no significant correlations 
with either age (P = 0.246) (Fig. 3) or mean score 
(P = 0.809). Distribution of the Dispersion Index was 
skewed, so the upper normal limit was set to the 95th 
percentile, 1.140. Application of this limit to the second 
group of normals (N= 107) identified four outliers 
(Fig. 4, 0 ) ,  for a specificity of 96%. 
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FIGURE 3. Scatter-plot of Dispersion Index vs age in the normal 
reference group, and least squares linear regression. 
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F IGURE 4. Distributions of Dispersion Indices for normals (0),  and for the diagnostic groups (~).  From top to bottom, at 
the upper normal limit (dotted line = 95th percentile), the groups comprise glaucoma, optic neuritis, hemisphere l sions and 
chiasmal lesions. 
Reproducibility over time was estimated from a small 
group (N = 6) of normals, who had been examined at 
least three times over a period of at least 4 yr. The 
coefficients of variation for their dispersion indices 
averaged 3.14% (SD - 0.98%). 
Whereas the dispersion indices were fairly closely 
grouped in the normal subjects, the opposite was true for 
subjects from the diagnostic groups (Fig. 4). Many 
subjects showed dispersion indices within the normal 
range, and these subjects may well have been truly 
normal. Others presented ispersion indices far beyond 
the normal limit, and were likely to be truly abnormal. 
The prevalence of visual field defects in the diagnostic 
groups cannot be ascertained precisely, so the true 
sensitivity of dispersion analysis cannot be assessed. The 
best that can be done is to compare performance with 
other indices of field damage, i.e. assessing relative 
sensitivity. Table 1 summarizes the yield for the different 
statistics. The Dispersion Index consistently identified a 
larger proportion of abnormal results than did the most 
commonly used standard statistic, Local Deviation, 
particularly in the post-neuritis group. 
Another HRP index that takes spatial association i to 
account is the Form Index, which analyses deviations 
from normal isopter relationships (Fris~n, 1987). Its 
sensitivity appears intermediate o the Dispersion Index 
and Local Deviation (Table 1). 
Figure 5 and Table 2 show that the cases identified as 
abnormal by the various indices were not always the 
same. This was particularly striking in the glaucoma 
group. On their own, Local Deviation identified 5 
abnormal cases, the Form Index 4 and the Dispersion 
Index 7, whereas all indices combined identified 11 cases. 
Only one glaucoma case was singled out by both Local 
Deviation and Dispersion indices, indicating that they 
capture largely different aspects of field abnormality. On 
the other hand, the Dispersion Index identified all cases 
singled out by the Form Index. These two indices 
apparently capture similar aspects of abnormality, albeit 
with a lower sensitivity for the latter. Similar results were 
obtained in the post-neuritis group (Fig. 5, upper panels). 
For comparison of Dispersion Index magnitudes and field 
appearance, Fig. 6 presents a few examples drawn from 
this latter group. 
TABLE 1. Prevalence of abnormal results for different indices in each diagnostic group, given as percentages and 
absolute numbers (in parentheses) 
Group N NC GD LD FI DI DI/LD 
Normal 107 99 n.a. n.a. n.a. 4 (4) n.a. 
Glaucoma 34 99 0 15 (5) 12 (4) 21 (7) 1.4 
Neuritis 24 87 0 17 (4) 29 (7) 38 (9) 2.3 
Chiasm 34 100 0 35 (12) 38 (13) 47 (16) 1.3 
PVP 34 97 0 26 (9) 26 (9) 38 (13) 1.4 
PVP, posterior visual pathway; N, number of subjects; NC, median neural capacity; GD, Global Deviation: LD, 
Local Deviation; FI, Form Index; DI, Dispersion Index. n.a., not applicable: subjects formed part of the normal 
database for GD, LD and FI. 
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F IGURE 5. Plots of Dispersion Index vs Local Deviation for the four diagnostic groups (clockwise from upper left: glaucoma, 
neuritis, chiasm, hemisphere). The dashed lines represent upper normal limits. 
Relative dispersion analysis appeared well-behaved in
the present application. On inspection, the vast majority 
of the regressions were linear over the full range of 
observations (Fig. 2). 
DISCUSSION 
Relative dispersion analysis carries ome semblance to 
the well-known Bebie or cumulative defect curve (Bebie, 
Flammer & Bebie, 1989), which also depends on a specific 
ordering of observations. The mode of ordering is, 
however, different. Relative dispersion analysis orders 
raw scores in a fixed sequence whereas the Bebie curve 
utilizes local deviations orted on an individual basis. 
Apart from ordering, the two methods have nothing in 
common. Bebie curves are evaluated by inspection 
whereas relative dispersion analysis proceeds strictly 
objectively. Its modum operandi can be understood as a 
reduction of the complexity of the data set, essentially 
treating it as one-dimensional, nd maintaining spatial 
information by consistent aggregation of nearest 
neighbours. These properties make relative dispersion 
analysis auseful tool in the field of fractal analysis. Fractal 
analysis has proved capable of quantitative illumination 
of a vast range of natural phenomena which otherwise are 
not easily represented (Mandelbrot, 1987; Glenny et al., 
1991). It would carry too far to analyse here the question 
whether visual fields have fractal properties (e.g. 
self-similarity over several magnitudes of scale). This is 
why we have preferred the term Dispersion Index over 
Fractal Dimension. 
Lacking an inherently natural way to order visual field 
observations, we selected to list test locations in order 
of ascending average normal threshold levels. This 
TABLE 2. Prevalence of abnormal indices, singly or in combination, in each diagnostic group 
Group N LD DI LD or DI LD or FI or DI 
Glaucoma 34 15 (5) 21 (7) 32 (11) 32 (11) 
Neuritis 24 17 (4) 38 (9) 42 (10) 42 (10) 
Chiasm 34 35 (12) 47 (16) 50 (17) 53 (18) 
PVP 34 26 (9) 38 (13) 47 (16) 47 (16) 
Abbreviations as in Table 1. 
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FtGU RE 6. Examples of HRP field plots from four subjects largely recovered from right-hand emyelinating optic neuropathy. 
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was 1.06, 1.06, 1.39 and 1.19, i.e. inside normal imits for the upper panels and outside normal imits for the lower panals. 
procedure maximizes spatial correlations innormal visual 
fields. A point of potential concern is that different groups 
of normal subjects might produce different ordering 
sequences. This is difficult o evaluate without access to 
several independently collected sets of normal records and 
to procedures for meaningful comparisons of sequences. 
However, average threshold surfaces obtained from 
sufficiently large groups of normals hare a similar basic 
shape, so ordering sequences defined from such groups 
should also be similar. Further, differences in threshold 
levels between adjacent points in each sequence will be 
much smaller than differences between widely separated 
points (cf. Fig. 1), and also much smaller than differences 
between adjacent points in individual records (Fig. 2, 
top-left). Hence, small-scale variations in ordering 
sequences should have negligible ffects on the outcome 
of the analysis. 
The lack of a statistically significant relationship 
between age and magnitude of the Dispersion Index in 
normal subjects (Fig. 3) may be surprising on first sight. 
However, when thresholds are expressed inangular units, 
the shape of the HRP threshold surface appears to be 
independent of age. This may be attributed to a constant 
rate of age-related losses of ganglion cells across the retina 
(Lindblom, 1993; Fris6n, 1995). 
By virtue of its good sensitivity for a wide spectrum of 
small-degree visual field defects, and its good specificity 
and reproducibility, relative dispersion analysis appears 
to be a genuinely useful tool. The incomplete overlap of 
results with those of the other indices studied here 
indicates that the new index captures a novel aspect of 
visual field damage. This aspect appears to be more 
commonly represented in glaucoma nd post-neuritis 
fields than in fields from subjects with chiasmal and 
hemispheric lesions (Table 2). The latter are usually 
associated with a single, fairly smoothly sloping 
depression of relatively large area whereas the former are 
thought o involve more localized and also multi-focal 
threshold abnormalities. This interpretation agrees with 
the general characterization of relative dispersion analysis 
as a tool measuring scale-independent irregularity, 
roughness, orvariation of the system under study (Glenny 
et al., 1991). 
In this study, prevalence of abnormality appeared 
largest in the post-operative pituitary adenoma group 
(Tables 1 and 2). This is not necessarily a reflection of 
superior sensitivity of relative dispersion analysis for 
chiasmal-type visual field defects. A plausible alternative 
is that it reflects differences in selection of subjects for 
analysis. At the same time, severity of damage appeared 
to be low, as shown by the normal median eural capacity 
estimate. As judged from this latter index, the subjects in 
the post-neuritis group appeared to have fared worst. 
Again, this is likely to be a reflection of the selection 
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procedure. The glaucoma and posterior visual pathway 
groups presumably (and intentionally) included larger 
numbers of truly normal subjects, accounting for their 
normal median neural capacity estimates. 
It is important to note that the present results apply 
only to minor visual field damage. With more pronounced 
damage, it is likely that dispersion analysis will prove less 
informative. Although spatial correlation may become 
progressively weaker with increasing levels of damage, a 
stage may ultimately be reached where threshold levels 
become more uniformly elevated. Spatial correlation 
could then increase again. On these grounds, caution is 
required if the Dispersion Index is used to gauge severity 
of damage or to monitor the course of individual patients. 
By its nature, the Dispersion Index is insensitive to truly 
uniform depressions. The influence of cataract and other 
defects of the optical media remains to be studied. 
The present results cannot automatically be extrapo- 
lated to conventional perimetry. There are several 
reasons. One is that each pattern of test locations is 
associated with an ordering scheme peculiar to that 
pattern. Further, it is well known that conventional 
perimetry shows age-related changes in the shape of the 
threshold surface, necessitating adjustments for age. 
Finally, conventional perimetry appears to be associated 
with a larger variability both within and between 
examinations (Chauhan & House, 1991; House, Cooper 
& Bulsara, 1993), which may result in wider normal limits. 
From the present results, relative dispersion analysis 
emerges as a useful tool for objective recognition of 
small-degree visual field damage. A particularly valuable 
property is its independence of exact knowledge of spatial 
distributions of low-degree visual field damage for 
different disorders. Instead, relative dispersion analysis 
can be viewed as an efficient test of internal consistency 
of results. Implementation is straightforward, requiring 
no more than trivial programming on a micro-computer. 
For best over-all diagnostic yield, the Dispersion Index 
should be used in combination with standard indices. 
REFERENCES 
A, sman, P. & Heijl, A. (1993). Arcuate cluster analysis in glaucoma 
perimetry. Journal of Glaucoma, 2, 13 20. 
Bebie, H. (1985). Computerized techniques of visual field analysis. In 
Drance, S. M. & Anderson, D. R. (Eds), Automatic perimetry in 
glaucoma. A practical guide (pp. 147-160). Orlando, Fla: Grune & 
Stratton. 
Bebie, H., Flammer, J. & Bebie, T. (19893. The cumulative defect curve: 
Separation of local and diffuse components of visual field damage. 
Graefe's Archives of Clinical and Experimental Ophthalmology, 227, 
9-12. 
Brechner, R. J. & Whalen, W. R. (1984). Creation of the transformed 
Q statistic probability distribution to aid in the detection of abnormal 
computerized visual fields. Ophthalmic Surgery, 15, 833 836. 
Chauhan, B. C. & House, P. H. (1991). Intratest variability in 
conventional nd high-pass resolution perimetry. Ophthalmology, 98, 
79 83. 
Chauhan, B. C., Drance, S. M. & Lai, C. (19893. A cluster analysis for 
threshold perimetry. Graefe's Archives ~[" Clinical and Experimental 
Ophthalmology, 227, 216-220. 
Fankhauser, I. F., Fankhauser, F., II & Giger, H. (1993). A cluster and 
scotoma analysis based on empiric criteria. GraeJe's Archives Of 
Clinical and Experimental Ophthalmology, 231,697 703. 
Flammer, J. (1986). The concept of visual field indices. Graele's Archives 
of Clinical and Experimental Ophthalmology, 224, 389-392. 
Fris6n, L. (1989). A shape statistic for visual field evaluation. Utility in 
minor optic neuropathy. Neuro-Ophthalmology, 9, 347 354. 
Fris6n, L. (1993a). High-pass resolution perimetry. A clinical review. 
Documenta Ophthalmologica, 83, 1 25. 
Fris6n, L. (1993b). Resolution theory and high-pass resolution 
perimetry (HRP). In Mills, R. P. (Ed.), Perimetrv update 1992/93 
(pp. 419~427). Amsterdam: Kugler. 
Fris6n, L. (19953. High-pass resolution perimetry: Central-field 
neuroretinal correlates. Vision Research, 35, 293-301. 
Glenny, R. W., Robertson, H. T., Yamashiro, S. & Basingthwaighte, 
J. B. ( 1991 ). Applications of fractal analysis to physiology. Journal of 
Applied Physiology, 70, 2351-2367. 
Heijl, A., Lindgren, G. & Olsson, J. (1987). A package for statistical 
analysis of visual fields. Documenta Ophthalmologica Proceedings 
Series, 49, 153 168. 
House, P. H., Cooper, R. L. & Bulsara, M. (1993). Comparing long term 
variability using the Humphrey Field Analyser and the Ring 
Perimeter in glaucoma patients and normal subjects. In Mills, R. P. 
(Ed.), Perimelry update 1992/93 (pp. 63-71). Amsterdam: Kugler. 
Katz, J., Sommer, A., Gaasterland, D. E. & Anderson, D. R. (19913. 
Comparison of analytic algorithms for detecting laucomatous visual 
field loss. Archives of Ophthalmology, 109, 1684~1689. 
Lindblom, B. (1993). Spatial distribution of age effects in high-pass 
resolution perimetry. In Miles, R. P. (Ed.), Perimetry update 1992/93 
(pp. 397~,02). Amsterdam: Kugler. 
Mandelbrot, B. B. (1987). Thefractalgeometry c~fnature. San Francisco, 
Calif.: Freeman. 
Pearson, P. A., Baldwin, L. B. & Smith, T. J. (19893. The Q-statistic in 
glaucoma nd ocular hypertension. In Heijl, A. (Ed.), Perimetry 
update 1988/89 (pp. 229-233). Amsterdam: Kugler & Ghedini. 
Werner, E. B., Bishop, K. I., Koelle, J., Douglas, G. R., LeBlanc, R. P., 
Mills, R. P., Schwartz, B., Whalen, W. R. & Wilensky, J. T. (1988). 
A comparison of experienced clinical observers and statistical tests in 
detection of progressive isual field loss in glaucoma using automated 
perimetry. Archiees o[" Ophthalmology, 106, 619 623. 
